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IMT-MINAFAB, launched in Brussels at an event organized by Romania, with the
participation of the European Commission.

On 8th of May 2009, this facility was presented in “New Materials, Micro- and Nanotechnologies: discover a good
partner in Romania” at Brussells, an event organized by ROST - Romanian Office for Science and Technology from
European Union.

IMT-MINAFAB i.e. “IMT-Centre for Micro and NAnoFABrication” provides scientific and technological support for partners
from research, education and industry. It is an “open centre”, facilitating easy access in variety of ways.. IMT-MINAFAB
facilitates R&D common projects and the direct access of the innovative companies to technology. Details about MINAFAB
services are available on the web page: http://www.imt.ro/MINAFAB.
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Introduction

IMT in brief

The full name of IMT — Bucharest (or simply IMT) is the National Institute for R&D in Microtechnologies
(http://lwww.imt.ro), a unit coordinated by the National Authority for Scientific Research (Ministry of Education,
Research and Innovation, Romania).

The main competences of IMT are in micro-nanosystems and nanobiotechnology (see the box below). An
interdisciplinary group of laboratories and their top-level equipments is called “Centre of Nanotechnologies”, and
works under the aegis of the Romanian Academy (of Sciences). Another pair of labs - specialized in microwave
and photonics - is grouped as the MIMOMEMS proposal achieved financing by the EC through the REGPOT
programme (2008-2011). IMT became visible at the national level, especially by coordinating various projects
financed from the National Programme MATNANTECH (New Materials, Micro and Nanotechnologies) (2001-
2006). In the period 2003-2009 IMT was involved in approximately 25 European projects (FP6, FP7 and related).
In the landscape of the new member states of UE, IMT is an active actor in RTD. The investments in
equipment (7 millions of euro in 2006-2009) provide an excellent support for the experimental work (details inside
this brochure). Through the Centre for Micro- and Nanofabrication (IMT-MINAFAB) these facilities are
available to customers from industry, research and education (www.imt.ro/MINAFAB).

IMT acts basically as an autonomous, non-profit research company. As far as the participation to national and
European projects is concerned, IMT is assimilated to a public research institution. Apart from scientific research
and technological development, IMT is active in technology transfer and innovation, as well as in education
and training. Since 2005, IMT includes an autonomous Centre for Technology Transfer in Microengineering
(CTT-Baneasa), and in June 2006, a Science and Technology Park for Micro- and Nanotechnologies
(MINATECH-RO) was set-up by a consortium with just two partners: IMT (housing most of the park area), and
University “Politehnica” of Bucharest. The facilities provided to companies in the park include rooms for working
points, priority of access to scientific and technological services provided by IMT, as well as the possibility to
install their own equipments in the technological area of IMT. The last possibility is just to be implemented now
and opens the way for an exchange of services with IMT, including cooperation in a small-scale production. In
2009 IMT put the basis for the cooperation with important international companies.

IMT is open for educational activities in cooperation with universities: undergraduate, M.Sc. and Ph.D. studies,
and also for “hands-on training”. IMT was active in a Marie Curie training by research network and also in
Leonardo programme. Occasional training courses have been provided in IMT by companies and by research
partners in European projects. IMT is organizing the Annual Conference for Semiconductors (CAS), an IEEE
event (CAS 2009 was the 32th edition), now largely devoted to micro- and nanotechnologies. IMT is also
organizing within the Romanian Academy the “National Seminar for Nano-science and Nanotechnologies”
(the 8th edition - in 2009). The institute is editing or co-editing the following publications (all in English): “Micro-
and Nanotechnology Bulletin” (quarterly magazine, since 2000); “Romanian Journal for Information Science
and Technology” (since 2008, in the ISI Thomson database), a publication of the Romanian Academy; the series
of volumes “Micro- and Nanoengineering”, in the Publishing House of the Romanian Academy (12 volumes
until 2008).

'Microsystems technologies are the core of technologies of the IMT Bucharest. Based on these technologies many
:innovative devices are designed, characterized and fabricated. These devices divided in three main categories: i
.(|) RF MEMS (RF MicroElectroMechanicalSystems) which address the applications of microsystem technologies in the area:
'of microwaves and millimeter waves with applications in advanced communications systems i
.(||) Optoelectronics and photonics which are dealing with the microsystem technologies at optical wavelengths based on.
.the key concept of MOEMS (MicroOptoElectroMechanicalSystems) The RF MEMS and MOEMES devices are the keyI
Iconcept of the European Center of Excellence MIMOMES financed by UE unifying research forces and equipments in these |
.groundbreaklng microsystems technologies covering the electromagnetic spectrum from RF up to infrared wavelengths.
'(|||) Sensors are key components focussed for a better quality of live of the citizens. Based on the microsystems:
ntechnologles sensors are the key devices to detect pesticides or herbicides in water or in the food, toxic gases, or to prowde.
.an early warning alarm in construction or bridges, or cancer or other harmful illnesses. Microsystems technologies aIIowI
:the miniaturization of the sensors such that they are integrated in walls, in paper, or other materials conferring them a sort
1 of “intelligence”. We are developing smart walls, smart paper and smart dust. The sensor activities are merged in a Centeri
iof Research for the Technologies Integration.
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“IMT-MINAFAB” IMT Centre for Mlicro and NAnoFABrication

A new infrastructure initiated in 2008, IMT-MINAFAB, should be seen as an interface which will be created by
IMT-Bucharest in order to fully exploit its tangible and intangible assets in micro- and nanotechnologies
(clean-room facility, equipments, human resources, partners and clients). The so-called “fabrication
centre” will be in fact a complex technological platform including also CAD tools, characterization
equipments, a mask shop, a reliability lab. The fabrication itself, whenever necessary, is accompanied by
specific testing and design, as shown in the following examples:

(i) the COVENTOR software package for modelling and simulation of microsystems provides design verification,
as well as the direct input data for mask fabrication;

(i) the on-wafer RF testing allows immediate testing of experimental RF components;

(iii) the nano-plotter and microarray scanner (NanoBioLab, in cleanroom environment) allow on-chip controlled
deposition of biological molecules etc.

The term “fabrication” in this context means “physical realization” and not necessarily production. In some
cases, the equipments can be used for both research and “small-scale production”.

The role of IMT's R&D laboratories in MINAFAB is twofold. First, they operate the characterization and design
tools, and secondly, they provide multivalent research expertise, from quantum dots to microarrays and from
novel CNT applications to micro- and nanofluidics. The majority of the equipments were purchased through the
investments taking place recently (approximativelly 6.5 million euro in 2006-2008).

Clean room facilities, class 1,000 (200 sgm). The present clean room (class 100 to class 1000) contains a mask
shop with a DWL 66 (1 mm resolution), RIE, vacuum deposition system (E-Beam and sputtering), double-face
alignment, deep pen nanolithography, etc. A new clean room (to be operational in 2009) will contain LPCVD,
PECVD, APCVD, RTP equipments, etc.). Characterization area, class 100,000 (220 sgm): The
characterization area (class 100,000) is equipped with SEM/EBL, nanoengineering workstation (Raith
e_Line), FEG-SEM, SPM (AFM, STM etc.), nanoindenter, X-ray difractometer, Raman Spectrometer, SNOM,
WLI, electrochemical impedance spectrometer, fluorescence, phosphorescence and lifetime
spectrometer, nanoplotter and nanoscanner for microarrays, etc.

A strategic target for IMT-MINAFAB is to initiate at the national level a network of complementary facilities in
micro- and nanotechnologies. Such a network is planned to be set-up in 2009 starting from the links established
between IMT and other RTD institutes in the so-called “technological networks” (financed between 2005 and
2008), as well as in common research projects. IMT intends to exchange services with such partners and mostly
elaborate a joint offer of services to third parties. Partnerships with external organizations are also extremely
important. Existing partners are LAAS/CNRS, Toulouse, France, and FORTH, Heraklion, Greece, the interaction
being financed by twinning activities within the MIMOMEMS centre of excellence.

As far as the industrial clients are concerned, IMT is promoting cooperation in two ways: first, using
MINATECH-RO, the science and technology park for micro- and nanotechnologies (whereby, for example,
companies can place their own equipment in the technological area); secondly, by facilitating the interaction with
other companies and research groups through the network for knowledge and technology transfer with more than
60 partners (the information is exchanged through the Centre for technology transfer in micro-engineering, part
of IMT). Partnership with important foreign companies should be promoted, whenever possible.

The basic categories of services are: ¢ Partnership in RTD activities, sharing the IP resulting from common
research (with research centres, universities, companies); ¢ Scientific and technological services, including
design, consultancy, training and education (for universities and companies); ¢ Direct access to equipments for
“hands-on” activities, after appropriate training (for companies protecting their IP, for postgraduate and
postdoctoral students).

How to access IMT-MINAFAB?

« First, consult the extended information about the equipments and technologies available on the public website
at: http://www.imt.ro/MINAFAB. You may also e-mail a request for further details to the person in charge with
certain equipment (the process engineer or the application scientist).

e If you are ready to order a service, please contact the IMT-MINAFAB executive team, by emailing at:
minafab@imt.ro. Inquires could be also made by fax at +40-21 490 82 38 or by phone at +40-21 490 82 12 ext
19 (Dr. Radu Popa).

|
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Scientific and technological services

2. MICROPHYSICAL CHARACTERIZATION

Scanning Electron Microscopy characterization of materials and devices
using Field Emission Gun Scanning Electron Microscope (FEG-SEM) - Nova
NanoSEM 630 (FEI Company, USA)

The equipment is a high-quality nanoscale research tool that offers a
variety of applications that involve sample characterization,
analysis and prototyping. It features a superior low voltage
resolution and high surface sensitivity imaging in the range of Ultra
high Resolution Field Emission Scanning Electron Microscopes (UhR
FE-SEM). The Nova NanoSEM 630 presents also low-vacuum
imaging capabilities for spectacular nanoscale characterization on
charging and/or contaminating nanotech materials. The
NovaNanoSEM 630 also offers the most extensive set of tools for
nanoprototyping, including an on-board digital pattern generator and
dedicated patterning software, a high speed electrostatic beam
blanker, gas injection system for direct electron beam writing of
nanostructures and its high stability 150 mm piezo stage.

Basic hardware features:

 Ultra-high resolution characterization at high
and low voltage in high vacuum: 1.6 nm @ 1
kv;

* Beam deceleration mode with sub-100 V and
high surface sensitivity imaging;

e Low and very low kV backscattered electron
imaging for compositional characterization in
high and low vacuum,;

e Novel high stability Schottky field emission

gun enabling a beam current up to 100 nA for  The structure of an composite Porous alumina membrane
analysis; material used in aeronautics- covered with Ni catalyst used as
e 150 x 150 mm high precision and stability sample from INFN Italy template for CNTs growth
piezo stage;

* True high resolution low vacuum FESEM, with
a resolution of 1.8 nm @ 3 kV;

e The characterization solution for charging
and/or contaminating nano-materials/devices;

* Full prototyping solution with on-board 4 k x 4
k digital pattern generator, dedicated patterning
software, fast beam blanker and gas
chemistries;

Applications: microphysical characterization  Micro and nanospheres produced Detail of a SAW structure

of a variety of challenging nanotechnology  in the process of CNTs growth. patterned with e-beam lithography
materials such as metals, magnetic materials,

nano-particles and powders, nano-tubes and -wires, porous materials (e.g. silicon), plastic Electronics, glass
substrates, organic materials, diamond films, cross-sections, microdevices etc.

Targeting: ¢ RESEARCH: Materials Qualification; Materials&Sample Preparation; Nanoprototyping;
Nanometrology; Device Testing and Characterization;
* INDUSTRY: Macro Sample to Nanometer Metrology; Particle Detection and Characterization;

Partneship: CATHERINE- Carbon nAnotube Technology for High-speed nExt-geneRation nano-InterconNEcts,
STREP, FP7-ICT, 2008-2011, Project Coordinator: Consorzio Sapienza Innovazione (CSI).
web: http://www.catherineproject.eu

Contact Person: Phys. Adrian Dinescu, adrian.dinescu@imt.ro
|
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Scientific and technological services

Scanning Electron Microscopy characterization of materials and devices
using Scanning Electron Microscope - Vega Il LMU @ Pattern Generator - PG
Elphy Plus (TESCAN s.r.o, Czech Republic @ Raith, Germany)

SEM-General purpose scanning electron microscope, tungsten
heated filament. Maximum resolution 5nm@30kV, SE and BSE
detectors, low vacuum working mode up to 250Pa, movements: X=
80mm - motorized Y=60mm -motorized Z= 47mm -motorized PG- 6
MHz high-speed pattern generation hardware, 16 bit DAC vector
scan beam deflection, 2ns writing speed resolution, TTL and 100V
blanking signal drivers.

Applications: ¢ general purpose SEM imaging using secondary
electrons (topography) and backscattered; ¢ electrons (composition);
« electron beam lithography with sub-50nm resolution;

Contact Person: Phys. Adrian Dinescu, adrian.dinescu@imt.ro;
Eng. Marian Popescu, marian.popescu@imt.ro; Eng. Alexandru Hergelegiu, alexandru.herghelegiu@imt.ro

Scanning probe characterization using Scanning Probe Microscope NTEGRA
Aura (NT-MDT Co., Russia)

The equipment enables several related techniques (AFM, STM,
EFM, MFM, SKPM, Conductive AFM etc) for high resolution imaging
and measuring of various surface properties. A very wide range of
surfaces could be investigated, covering metallic, ceramic,
polymeric and semiconducting materials, no matter of sample
conductivity. Samples could be measured in various environments
(normal ambient, controlled gaseous, liquid, low vacuum - 1072 torr).

The common applications are in the field of surface metrology, due
to the unique capability to provide surface morphology maps together with 3D dimensional measurements from
surface roughness to nanometer-sized features. Moreover, depending on the selected technique, it could
simultaneously provide other sample characteristics, such as
the surface potential, distribution of local mechanical or electrical
properties. This makes SPM a powerful characterization tool for
researching the physical properties of surfaces on a scale from
microns down to the nanometric level.

[
1400 e

(L
]

Technical specifications: « Max. scan area: 100x100 microns;
* Non-linearity, XY with closed-loop sensors < 0.15%j;

7 Reming

Application fields: ¢ High-resolution surface profilometry; g
e Evaluation and optimization of thin film coatings for various = Il
applications (optical, packaging, paintings, wear-resistant etc); O T R

AFM topogrthy map (2x2 pm area) of a thin
Al film deposited on Si, together with
statistical analysis of surface morphology

 Grain and particle size analysis;

» Surface cleaning and polishing studies (characterization of optical
surfaces roughness, electro-polished metal surface evaluation etc);
. Determining process effects (e.g. plasma treatment) on surface AFM image of patterned Si.
properties; Individual stairs (15 nm height )
e Examining the impact of surface roughness on surface properties as feature monoatomic steps.
adhesion or haze;

» Microstructural studies (Pharmaceutical, Polymers);

* Morphological studies of biological and biocompatible materials;

e Virtually any other field where nanometer-sized surfaces are
concerned;

Contact Person: Phys. Raluca Gavrila (raluca.gavrila@imt.ro)

|
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Scientific and technological services

Nanomechanical characterization using Nano Indenter G200 -
Nanomechanical Characterization Equipment Agilent Technologies

G200 is a nanomechanical characterization equipment which provides access
to various mechanical properties of small-volume samples, such as thin
films, but could be equally applied to investigate bulk samples. The Nano
Indenter G200 enables users to measure Young's modulus and hardness in
compliance with ISO 14577 and ASTM 2546 standards. The patented CSM
technique yields the elastic modulus and hardness values as a function
of depth in a single measurement (especially useful for thin films) and
allows characterization of the time dependent mechanical behavior of
samples (e.g. polymers).

Depth profiling of Young’s modulus

140 for a thin SiO2 film grown on Sj
120
100

I 3 ¥ 5ssannnseensi®

Applications: High resolution mechanical characterization of a wide
variety of materials (metals, semiconductors, ceramics, biocompatible
materials), especially in the form of thin films, coatings etc. The
characterized properties include hardness, Young’'s modulus, film
adherence, wear behaviour, dynamic testing of polymers.

Modulus (GPa)

10 100 1000

. . . Displ t Into Surface
Contact Person: phys. Raluca Gavrila, raluca.gavrila@imt.ro o o' .

Microphysical characterization using Scanning Near-field Optical
Microscope - SNOM (Witec alpha 300S, Witec, Germany)

The Alpha300S System is a Scanning Near-field Optical Microscope that
combines the characterization methods of SNOM, Confocal Microscopy
(CM) and Atomic Force Microscopy (AFM) in a single equipment. The
Alpha300S uses patented micro-fabricated SNOM cantilever sensors
(aperture size typically 100nm) for optical microscopy with spatial
resolution below the diffraction limit (optical resolution of 50-100 nm).
Operating modes: Near field optical microscopy: transmission,
reflection, collection, fluorescence; Confocal microscopy: transmission,
reflection, fluorescence, can be upgraded with a Raman spectrometer; Atomic force microscopy: contact and AC—
Mode. The flexibility of this equipment and its operation modes allows a large variety of applications in
nanotechnology and nanosciences. It allows the optical characterization (in transmission and reflection mode) of
various samples (nanostructures, biological samples, polymers) with a resolution of 50-90 nm in visible spectral
range with the possibility of extension in the IR range. Working in the collection or photon
scanning tunnelling microscope (PSTM) mode the SNOM allows the imaging of
propagating optical field in various metallic and dielectric waveguides providing a powerful
method to characterize and investigate nanophotonics and nanoplasmonic structures and
devices. The AFM module working in both contact and alternative contact modes (with
possibility of extension to magnetic force measurements and pulsed force mode) allows
the topographical and chemical characterization of various surfaces and nanostructures.

Nanostructure
. . . . ) ) characterized on SNOM:
Applications: Imaging the optical properties of a sample with resolution below the | top - transmission mode
diffraction limit with applications in nanotechnology, nanophotonics, nanooptics and image of a hexagonal
plasmonics; Materials research and polymers; Single molecule detection; Life sciences; array of Al regions

deposited on a glass
substrate (Fisher pattern).

Partnership: « MIMOMEMS - European Centre of Excellence in Microwave, Millimetre bottom - reflection mode

Wave and Optical Devices, based on Micro-Electro-Mechanical Systems for Advanced image of an array of
Communication Systems and Sensors (FP7-Capacities) 2008-2010; Coordinator: IMT- polymer stripes realized
Bucharest. web: http://www.imt.ro/mimomems/ by EBL.

 FLEXPAET - Flexible Patterning of Complex Micro Optical Structures using Adaptive
Embossing Technology (IP- FP7/NMP) 2008-2010; Coordinator: Fraunhofer Gesellschaft
zur Forderung der angewandten Forschung e.V. Fraunhofer Institut fur
Produktionstechnolgie (IPT). web: http://www.e-squizoide.com/flexpaet/project.php

Contact Person: Dr. Cristian Kusko (cristian.kusko@imt.ro)
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Scientific and technological services

Fluorescence and phosphorescence spectrometry services using Combined
Time Resolved and Steady State Fluorescence Spectrometer - FLS920P
(Edinburgh Instruments, UK)

Fluorescence lifetime and steady-state spectrometer (FLSP 920) is
a suite of combined steady state and time resolved luminescence
(fluorescence and phosphorescence spectrometers. All
instruments of the FLSP 920 series are based on modular
construction, enabling systems to be flexibly configured to meet
individual research needs. The steady state mode uses single
photon counting whilst lifetime measurements are based on Time
Correlated Single Photon Counting: the technique widely accepted
to be the method of choice for maximum sensitivity, dynamic range,
accuracy and precision. The system sensitivity guarantees a signal/noise ratio of 6000:1 for water Raman
spectrum measured with excitation at 350nm, emission at 397nm, in 1lsec integration time and 5nm spectral
bandwidth.

Characteristics: Lifetime ranges 10 ps - 10 s; UV - Vis - NIR spectral range; Single Photon Counting sensitivity;
Sensitivity: Water Raman Spectrum Excitation wavelength= 350nm; Spectral bandwidth 5nm, integration time
1s; Peak Counts > 750,000cps @ 397nm; RMS Noise < 125cps @ 450nm; Signal to Noise Ratio > 6000:1

Applications in the broad areas of photophysics, photochemistry, biophysics and semiconductor study. Complex
intermolecular interactions can be revealed by lifetime measurements made across an emission spectrum which
has little structure. Time resolved polarisation measurements reveal the rotation rates of the emitting molecules
and have many applications in structure determination, membrane fluidity, polymer dynamics and protein
engineering. « Biomedical field: study of enzymes, dynamics and structure of nucleic acids, protein folding and
DNA sequencing, use a-priori fluorescence lifetime knowledge of the fluorescent probe to characterise various
systems. « Materials physics: study semiconductors and novel structures such as quantum wells and quantum
dots or for the quality control monitoring in a wafer foundry, to characterise the doping or impurity level present.
* Pharmaceutical sector: for monitoring drug interactions.

Contact Person: Chem. Adina Bragaru, adina.bragaru@imt.ro; Phys. Monica Simion, monica.simion@imt.ro

Impedance spectroscopy using Electrochemical Impedance Spectrometer -
PARSTAT 2273 (Princeton Applied Research, USA)

The equipment consists of hardware capable of +10V scan ranges, 2A current
capability (1.2fA current resolution), 100V compliance, >1013Q input impedance,
<5pF of capacitance and 10pHz to 1MHz built in analyzer for impedance
measurements, Electrochemistry PowerSuite software required for data analysis and
ZSimpWin-EIS modelling software package. The system could be useful for: materials
and fabrication processes characterization; electrochemical systems and physico-
chemical phenomena characterization of the coresponding interfaces; bio-
electrochemical systems characterization.

Applications: ¢ microelectronics - development of new processes and materials with improved electrical
properties; ¢ energy - development of new fuel cell devices as clean energy sources; * sensors area -
development of electrochemical immunosensor devices for food, pharmaceutical chemistry and clinical
diagnostics industry; « solar cells area - development of new structures with improved parameters; « biomedical
applications - implant biocompatibility studies; ¢ fundamental studies of physico-chemical phenomena at bio-
hybrid interfaces;

Partnership: ¢ "Study of membrane - electro-catalyst nanocomposite assemblies on silicon for fuel cell
application", PNII, 2007-2010); http://www.imt.ro/electrocatalizatori/index.htm

» "Miniaturised power source for portable electronics realised by 3D assembling of complex hybrid micro- and
nanosystems-MiNaSEP", PNII, 2007-2010, http://www.imt.ro/minasep/

Contact Person: Dr. Phys. Mihaela Miu, mihaela.miu@imt.ro
|
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Particle size and zeta potential measurements services using Zeta Potential
and Submicron Particle Size Analyzer - DelsaNano (Beckman Coulter, USA)

Is a new generation of instruments that use photon correlation spectroscopy (PCS), which determines particle
size by measuring the rate of fluctuations in laser light intensity scattered by particles as they diffuse through a
fluid, for size analysis measurements and/or electrophoretic light scattering (ELS), which determines
electrophoretic movement of charged particles under an applied electric field from the Doppler shift of scattered
light, for zeta potential determination. The equipment has a broad range of capabilities, including conventional
static and automatic titration measurements for both size and zeta
potential distributions of suspended particles in a wide range of size
and concentration. The DelsaNano also can measure zeta potential
of a solid surface (as glass, metal, metal oxide, ceramics, etc.) or
film. Due to the high sensitivity size and zeta potential, it can
measure particles from 6 Angstrom to 7 micron in suspension with
concentration ranging from 0.001% to 40%.

Range: -100mV - +100 mV; Temperature Range: 10° C - 90° C;
Environmental Operating Specifications: temp 10°C-40°C;
Humidity: 0-90% w/o condensation; Light Source: Laser diode, 658
nm, 30 mW; Scattering Angle: 15°, 30°, 160°;

Applications: ¢ Preparation of colloidal dispersions: of nanoparticle Au, Pt, Ag, Fe, Fe,03/Fe3/Oy; SiO,, TiO,,
SnO, or of core-shell systems, functionalized or non-functionalized:;

« capillary phenomena which are Titanety DMl syt
important in the wetting of Diameter (d) :63.0 o

powders; ¢ coating of surfaces; Polydispersity Index (P.1.) :0.438

« absorption of impurities; Diffusion Const. (D) :7.806e-008 3 »_ i
« Biomedical and Pharmaceutical: | MolecularWeight 11.641e+008 || || £ i
Proteins, lipids, polysaccharides, || Measurement Condition = i
bacteria, blood cells, viruses, | Temperaure 1250 g <
colloids drug carrier systems, Ei‘f‘;r;m:’;‘:ex ?:;EZR °

drugs in aqueous suspension, Viscosty 0 8578 e
micelles for biomaterials. Scattering Intensty . 6904 . T e T o

Contact Persons: Chem. Teodora Ignat, teodora.ignat@imt.ro; Chem. Adina Bragaru, adina.bragaru@imt.ro

Semiconductor Characterization System (DC) with Wafer Probing Station -
4200-SCS/C/Keithley Easyprobe EP6/ Suss MicroTec (Keithley Instruments, USA;
Suss MicroTec, Germany)

It is fully programmable for on-wafer/structure sourcing and measurements of DC voltage and current
simultaneously. 4200-SMU power: 2.2W (max.105mA, 210V). It has shielded manual probe station with 4 triaxial
cable manipulators. Can measure on wafers and substrates up to 150 mm (6"). Positioning resolution: 3um.
Current upgrade status: 2x 4200-SMU and 2x4200-PA. Semiconductor Characterization System 4200-SCS
configured with the 4200-PA Remote Preamplifiers, offers exceptional low current measurement capability with a
resolution of 0.1fA and 5mV. The software is Keithley Interactive Test Environment (KITE) for device
characterization application.

Applications: ¢ Characterization of nanodevice structures: electronic
nanodevices (diodes, transistors, field effect transistors, capacitors),
sensors, special devices with unique properties.

* Research of nanoscale materials: characterization of resistance and
conductivity over wide ranges for nanocrystals, nanotubes, nanowires,
nanofibres, thin layers. ¢ Resistance measurements and |-V curve
generation on macro/microscale components and materials using a two-
point electrical measurement technique. « Low resistance measurements
for: molecular wires, semiconducting nanowires, and carbon nanotubes.

Contact Persons: Dr. Phys. Rodica Plugaru, rodica.plugaru@imt.ro; Dr. Eng. Radu Popa, radu.popa@imt.ro.

|
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Scientific and technological services

Probes, on-wafer, electrical characterization using Microwave network
analyzer (0.04-110GHz) with Manual Probing Station - Lightning 37397D
VNA/Anritsu; PM5/Suss MicroTec (Anritsu, Japan; Suss MicroTec, Germany)

The VNA is the main equipment of MICROLAB. MICROLAB is a laboratory dedicated to on-wafer
characterization of devices and circuits in the frequency range 0.5 GHz -110GHz. This frequency range
encompasses the entire area of the devices and circuits used in the most advanced communications systems
such as WLAN, GPS, mobile phones, radar. The MICROLAB consists of a vectorial network analyzer (VNA) and
a probe station. The MICROLAB measures directly on- wafer all S parameters of any device and circuit up to up
to 110 GHz. The laboratory is managed by a quality system according to ISO 17025 and will be accredited at the
end of 2009.

Antena_94 GHz

0
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- DB(5(2,2))
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Frequency (GHz)

S22 parameter for the 94 GHz
antenna suspended on a micro-
machined Si02/3i3N4/Si02
membrane (top)

Photo image of the antenna

(right)

The frequency generator (Agilent) up to 110 GHz
purchased in the frame of the European FP7
project MIMOMEMS together with the spectrum
analyser (Anritsu)

Applications: S parameters of microwave circuits up to 110 GHz

Contact Persons:
Dr. Mircea Dragoman, mircea.dragoman@imt.ro. Dr. Alexandru Muller, alexandru.muller@imt.ro.
Dr. Dan Neculoiu, dan.neculoiu@imt.ro

Probes, on-wafer, electrical characterization using Wafer Probing Station -
Easyprobe EP4 (Suss MicroTec, Germany)

» Base machine (base plate with embedded hand rests; sliding stage,
100mm travel in x and y; working position secured by vacuum);

» Substrate chuck (standard chuck for wafers and substrates up to
100mm; material: stainless steel; working position secured by vacuum);
* Magnetic probe head semiring (2 semiring suitable for probeheads
with magnetic adapter; max. 4x PH120 or 8xPH100);

Motic SMZ 140S stereozoom microscope complete with adapter +
fixation (microscope body, tube, focus drive; two 15 eyepieces;
adjustable integrated illumination; magnification 15x-60x, working
distance 80mm).

Contact persons: Dr. Mircea Dragoman, mircea.dragoman@imt.ro; Dr. Alina Cismaru, alina.cismaru@imt.ro;
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3. RELIABILITY AND TESTING

» Electrical characterization (electrical characterization of micro and nano technologies products according
approved standards and special specifications);

* Mechanical and climatic tests (application specific tests
developed for micro and nano technologies products);

e Life tests (storage and endurance tests in various
environmental and electrical conditions);

Scientific services about Materials, Microelectronic devices
and Microsystems, containing:

e Environmental & reliability testing;

« Failure & reliability analyses;

» Assessment of reliability parameters;

* Reliability screening for selecting high reliability
components;

« Consultance / technical assistance on: Reliability analysis ~ Chambers for: -Thermal cycling — TSE-11-A (Espec):
High temp. (-65...0°C) and Low temp.(+60...200"C);

for all families of semiconductor devices; Elaborating -Highly accelerated stress test (HAST) - EHS 211M
standards and other documents for various types of (Espec): Temperature range: +105 ... +142°C, Humidity
electronic components; Qualification of semiconductor range: 75%...100% RH, Pressure range: 0.02...0.196 Mpa;
devices; -Damp heat - CH 160 (Angelantoni)

* Testing at combined stresses: Damp heat, Thermal cycling,

Pressure + Temperature, Thermal stress + Electrical stress, Y ¥ a
Electrical stress + Thermal stress + Humidity + Vibrations, : (| il -
Electrical stress + Thermal stress + Pressure, Mechanical ! : I m't]" ¥/
(“Tilting”) + Thermal stress;

Services: ¢ Qualification tests (electrical, mechanical,
climatic and life tests); ¢ Reliability tests (normal and
accelerated tests); * Electrical characterization of micro and
nano technologies products; ¢ In house tests (On demand
tests and test programs, with specified parameters); ¢ Test
certificate (for performed tests programs);

. Consultancy (tests
programs, product standards, documentation, etc.).

Electrical characterization: 4200SCS system Keithley, UK.

Electrical characterization system and measurement equipments:

« Keithley 4200SCS: modules C-V 3532-50, DMM 2700-7700 and 2002; low level
measurement units 6211-2182; Stimulus: voltage DC < 100V, current DC < 1A;
Pulse: analogic signal 30V, <40MHz; Measurements: voltage 0,5V, current 1fA .
e Temperature conditioning equipment for electrical measurement

e Temptronic TP04300A-8C3-11 - ThermoStream: Temperature range: -8°
..+225°C; Transition time: up 7 sec, down 20 sec; Temperature control +/- 0.1°C
e« Damp heat Climatic chamber, Angelantoni, Italia: Temperature range -70
...+180°C; speed 5°C/min; Relative humidity range: 20...95%, between
+10°C...+80°C

e Temperature chamber with Forced air circulation, Memmert (Germany) / UFB
400: Capacity 53 I; Temperature range 20...220°C

¢ Vacuum oven, MEMMERT (Germany) - VO 400: Capacity: 49 |; Temperature
range: 20 ... 200°C; Pressure range: 10 ... 1100 mbar;

Chamber for testing at
temperature + low pressure -
V0400 (MEMMERT) Contact person: Dr. Marius Bazu, marius.bazu@imt.ro
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4. MICROARRAYS, BIOMOLECULE RESEARCH

Microarray spot plotting and scanning using: Micro-Nano Plotter - OmniGrid
and Microarray Scanner - GeneTAC UC4 (Genomic Solutions Ltd., UK)

Scanner microarray (GeneTAC UCA4) is used for reading the chips,
for DNA detecting it offers high resolution scanning across the
entire surface of standard microarray substrates. The system has
two-color lasers - green (532nm) and red (635nm) - coupled with
high performance optics optimized to maximize collection of
fluorescence signal while minimizing the damage caused by
photobleaching. The scanner includes:  hardware;  powerful and
easy-to-use microarray analysis software for fast and reliable
imaging, collection and storage of very large data sets and
consolidates these data with experimental information. The entire 1 in. x 3 in. array surface can be imaged at five
micron resolution for accurate quantitation of high density arrays. Or a sub area can be scanned at up to single-
micron pixel resolution.

Characteristics: ¢ Resolution: from 1 pum/pixel; * Resolution for a
standard microscope slide: 5 um/pixel; ¢ Microarray Scanner
includes also a workstation with powerful software that automates
the identification and quantification of microarray data;

y.

Ploter microarray (GeneMachines OmniGrid Micro) is designed /-'/’f:t
for production of DNA and protein microarrays slides. Omni Grid i‘f}‘"
Micro Plotter used contact printing method for deposit on a solid -

surface (e.g. glass slide, silicon substrate) a small volume of sample }\‘

solution. A Control Computer assures the utilization interface. A

vacuum wash station ensures active washing in between sample transfers while humidity control minimizes
evaporation of precious sample.

Characteristics: « x/y resolution: 1 1um; ¢ available pins: 50, 100, 200 pm ; « humidity control during processing;
« flexibility in array configuration;

Protein microarray - Depending on the application field, protein microarrays can be classified in two categories:
(1) Arrays for proteomics or focused protein profiling. (2) arrays for functional studies. Low and high density
arrays of proteins, peptides and small molecules could be used to study the binding of DNA, RNA, small chemical
ligands and proteins to their immobilised binding partners.

Applications: Protein Arrays: ¢ study tens of thousands of proteins in a time as short as possible; ¢ producing
high density protein arrays on specialized slides; ¢ automated hybridization and imaging of cDNA and
oligonucleotides now allow the consistent high throughput study of antibody/antigen interactions; Protein Assays:
e Immuno-assays, protein-protein interaction assays, enzyme assays;

Application procedure: < For each application it is necessary to be specified the material that should be printed
and spot configuration in order to elaborate the software program; o
A preliminary accept is necessary to avoid the contamination risk;

Results: « In microarray area, results are related to functionalization
of different surfaces (glass and silicon wafer) in order to immobilized
DNA and Proteins used in medical diagnosis. We have optimised
the process parameters in order to obtain a uniform
hydrophilic/hydrophobic surface, high signal intensity and low background, spot with well defined morphology, and
high efficiency with lower cost of slides and chemicals.

* Enzyme-based sensors designed for electrical measurements of
|['/ Anticorp secundar marcat flourescent | S€Veral toxins. The sensors are made of interdigital electrodes built
||‘::‘om i i it on silicon substrate. Biomaterials are deposited on the electrode
.;-"'-’-;‘umm St surface and are characterized using this equipments.

Partnership: ¢ Multi Allergen Biochip realised by MicroArray
technology, MAMA, 2007-2010, http://www.imt.ro/mama

Suprafata modificata chimic

Contact person: phys. Monica Simion, monica.simion@imt.ro
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5. SIMULATION, MODELLING AND COMPUTER AIDED DESIGN
SERVICES

We offer simulation, consulting and training services in micro and nano domains

Application areas: microsensors and actuators, integrated microsystems, MEMS/NEMS, MOEMS,
RF MEMS, microfluidics, lab-on-chip, micro and nano-systems for diagnosis and drug delivery

Computer Aided Design using dedicated software tools: COVENTOR WARE 2008 and ANSYS,
COMSOL:

Mask Design, Process Editor, 3D building and mesh

Modeling for technological processes/optimizations

Special features: particularized use (macro or subroutine) creation; special geometrical modeling (AFM
images reconstruction in CAD format, surfaces generated in accordance with mathematical expression, etc)

Modelling and simulation of MEMS, MOEMS: switches, cantilevers, membranes, resistors etc). Analysis
include simulation for mechanical, thermal, electrical, electrostatic, piezoelectric, optical, electromagnetic and
coupled field.

Computer Aided Engineering and Analysis (using FEM, FVM, BEM tools):

Modelling and simulation of microfluidic components and systems: micropumps and microvalves with
various actuation principles (electrostatic, piezoelectric, pneumatic, electroosmotic), microreservoires,
microchannels, micromixers, microfilters. Microfluidic analysis: fluid dynamics in microstructures (flow under
pressure, thermal flow, fluid mixing), electrokinetics, diffusion, bubble-drop formation, fluid-structure interaction

Electro-thermo-mechanical and piezoelectric analysis (steady state and transient).

Coupled field simulations: thermo-mechanical simulations; electro-mechanical simulations; multiphysics,
fluid-solid interaction

General (macro to micro scale) simulations that include: Linear and nonlinear types of simulations in
static, modal, harmonic and transient regime (including contact problems); Analysis with parameter variation,
goal driven optimizations; Material data variation (various types of materials and material models); Fluidic
simulations with various types of fluids (Newtonian and non-Newtonian), in laminar or turbulent flow, free
surfaces, surface tension phenomena, etc.

Consultancy regarding design and simulation optimization
Training in COVENTOR and ANSYS: hands-on courses, access to computer network and software.

Software facilities:
COVENTORWARE 2008.010: Computer aided design and simulation of MEMS and microfluidic
components used in microsystems for bio-medical applications: Design modules: 2D layouts, editing
technological processes, 3D models of ready-to-manufacture devices; static and transient analysis, coupled
phenomena approach;

ANSYS Multiphysics 11.0: provides high-fidelity engineering analysis tools that enable the accurate
simulation of complex coupled-physics behavior. Combine industry-leading solver technology for all physics
disciplines - structural mechanics, heat transfer, fluid flow and electromagnetics - with flexible coupled-physics
simulation methods, and parallel scalability. Include also FEM simulations, Structural, thermal, acoustic,
electromagnetic and coupled field analyses, CFD, Pre and Postprocessor;

COMSOL Multiphysics 3.4 (enabling parallel computation)- a powerful interactive environment for
modeling and solving all kinds of scientific and engineering problems based on partial differential equations
(PDEs);

MATLAB 7.8-7.9 and Simulink: a high-level technical computing language and interactive environment for
algorithm development, data visualization, data analysis, and numeric computation. Using the MATLAB product,
you can solve technical computing problems faster than with traditional programming languages, such as C, C++,
and FORTRAN. Modules: Optimization Toolbox; Extended Symbolic Math Toolbox; Partial Differential
Equation Toolbox; Genetic Algorithm and Direct Search Toolbox; Statistics Toolbox; Neural Network
Toolbox; Curve Fitting Toolbox; Spline Toolbox; Signal Processing Toolbox; Image Processing Toolbox;
Simulink;

Visual Studio 2008 Pro: for in—house development of specific applications;

Solidworks Office Premium 2008: 2D and 3D design for complex geometries;

Mathematica 7: software environment for technical and scientific computing, mathematical computings;

Origin PRO 8: Data analysis and graphing software for scientists and engineers;
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Examples of applications

Lab-on-chips for control of chemical processes to obtain molecular imaging products used in medical
diagnosis (FP6 Project “Lab-on-a-chip implementation of production processes for new molecular imaging
agents”)

T | B —— ‘
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a) Electrodes Layout b)Distribution of ions (uMoles) c)Electric field distribution

Electrokinetic analysis of ions separation from a aqueous solution

I..... o ——— I ke T — I -_— T . -
Pressure (MPa) Displacement (um) Longitudinal Velocity (Lm / sec)

Coupled Fluid-Structure analysis of a pneumatically actuated micropump used in fluid flow control, integrated in
lab-on-chip for molecular imaging

Application: Microprobes manipulation / handling and microrobotics (CEEX National Project - MEMSAS)

The fixed part (the shaded part)

Hot underarm - "‘
/ Cold underarm — |
/ -
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UL
Coupled electro-thermal simulation with Coventorware: analysis of a

200 pm i 200 pm . . . . .
; microgripper for micromanipulation

Application: Laser heated system used in
Application: lab-on-chip for molecular imaging

Filters for biologic
cells separatio

Electro-thermal
simulation with
Coventorware 2008:
Simulation of
electromagnetic field
propagation through
! the designed optical
SolidWorks 3D Design of a microfilter system
(fluid volume) used in lab-on-chip for
molecular imaging

Hardware facilities:
Dual IBM 3750 Server with 8 quad-core Intel Xeon MP 2.93 GHz processors, 196 GByte RAM and 1 TByte
HDD + 876 GByte external storage;
Computer network used for training;

Contact: Simulation, Modelling and Computer Aided Design Laboratory, http://www.imt.ro/
Raluca Muller (raluca.muller@imt.ro); Oana Nedelcu (oana.nedelcu@imt.ro);

Irina Stanciu (irina.stanciu@imt.ro), Rodica Voicu (rodica.voicu@imt.ro);

Victor Moagar-Poladian (victor.moagar@imt.ro), Catalin Tibeica (catalin.tibeica@imt.ro).
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6. RAPID PROTOTYPING

We may build any 3D body imagined by the customer by using selective laser sintering with the Formiga P100,
EOS (GmbH, Germany).
This object may be used for illustrative models, functional parts/end products and spare parts!

We offer two services for that purpose:
e CAD (Computer Aided Design) 3D modeling of the objects imagined by customer
* Physical realization of the respective objects

Description

* minimum size of the obtainable structures: 500 microns; * maximum building
volume: 200 mm x 250 mm x 330 mm; ¢ minimum layer thickness: 100
microns;

Applications:

* Models realization (for engineering, architecture, education);

« Realization of molds for implants;

« Realization of molds for automotive industry, rubber industry (envelopes for
tyres), plastics industry, optical industry (special lenses and special mirrors),
medicine (prosthetics), museums (copies of sculptures that are very important), components for construction of
industrial machines, glass industry, porcelain industry;

« Realization of fix, mobile or semi-mobile mechanical components for specific applications, including robotics;
¢ Realization of microfluidics structures and circuits (channels of several hundreds of microns diameter,
connected in complex 3D geometries) containing pipes, valves, micropumps (at milimetric and centimetric scale);
 Realization of joining elements (screws, etc.) at milimetric scale;

* Realization of customized encapsulations for different type of MEMS structures;

» Realization of MEMS models for testing their concept and working principle;

3D Printer by using Selective Laser Sintering;

Materials used by 3D printer:
* PrimePart: Fine polyamid - biocompatible, excellent economics, withstands high mechanical and thermal load;
* PA 2200: Fine polyamid - biocompatible, withstands high mechanical and thermal load;

* PA 3200 GF: Glass-filled fine polyamide - hard-wearing, withstands high mechanical and thermal load;

e PrimeCast 101: Polystyrene - for lost patterns, minimal remaining ash content;

¢ PA 2210 FR: Flame-retardant polyamide - contains chemical flame retardant, high mechanical properties;
e PA 2201: Fine polyamid - withstands high mechanical and thermal load;

e Alumide: Aluminium-filled polyamid — stiff structures, thermally conductive;
* PS 2500: Polystyrene - for lost patterns;

Contact person: Dr. Phys. Gabriel Moagar-Poladian, gabriel.moagar@imt.ro
Phys. Eng. Victor Moagar-Poladian, victor.moagar@imt.ro
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